Two experiments examined the use of place and response strategies by humans navigating virtual multiple T mazes. In Experiment 1, probe trials revealed that participants commonly used place and response strategies, and place strategies were more frequent early in training, whereas response strategies were more frequent late in training. Compared with women, men learned the correct path through the maze more quickly and developed a more stable route through the maze. In Experiment 2, participants were trained to locate 2 targets. One target required participants to use either a place or response strategy, whereas the other target could be found using either strategy. Accuracy improved faster for place training compared with response training, and women outperformed men in both groups. Probe trials testing transfer of the imposed strategy to the other target found faster transfer for place training than for response training and that women demonstrated faster transfer than men. Accuracy on probe trials was correlated with poor route stability in the place-trained group and with good route stability in the response-trained group, indicating that navigation strategy use may be related to measures of improvement in performance on normal trials.
The ability to find one's way through an environment and efficiently reach goal locations is a critical ability for many species, and animals, that use a variety of strategies to solve navigation problems. Work in rats (reviewed by Restle, 1957) has shown that in finding a goal within an environment, multiple types of navigation strategies can be observed, including the use of place strategies (finding a goal on the basis of its physical location in an environment) and the use of response strategies (finding a goal through the use of a fixed sequence of actions). Work by Packard and McGaugh (1996) demonstrated that place and response strategies rely on different neural systems, the former requiring the integrity of the hippocampus and the latter requiring the dorsolateral striatum. On a modified cross-maze, place strategies dominate early in training whereas response strategies dominate later in training (Packard & McGaugh, 1996) , and when a place or response strategy is imposed, place strategies are often acquired faster than are response strategies (Tolman, Ritchie, & Kalish, 1946) . These experiments suggest that hippocampally dependent place strategies are often learned more quickly than striatally dependent response strategies.
In humans, experiments conducted with virtual environments have shown that humans are able to use place strategies in virtual navigation (Driscoll, Hamilton, Yeo, Brooks, & Sutherland, 2005; Hamilton, Driscoll, & Sutherland, 2002; Moffat & Resnick, 2002) .
Consistent with animal recordings, place learning activates the human hippocampus (Maguire et al., 1998) and human hippocampal neurons have location-specific activity in virtual navigation (Ekstrom et al., 2003) . Place learning is impaired in older humans (Driscoll et al., 2003; Moffat & Resnick, 2002) , following hippocampal damage (Bohbot, Iaria, & Petrides, 2004; Spiers, Burgess, Hartley, Vargha-Khadem, & O'Keefe, 2001; Spiers, Burgess, Maguire, et al., 2001) , and in humans suffering from fetal alcohol syndrome (Hamilton, Kodituwakku, Sutherland, & Savage, 2003) , a condition in which hippocampal pathology has been implicated. Together, these results support a common role for the hippocampus in place learning in humans and rats and indicate the value of virtual navigation in the study of the neural substrates of navigation.
In comparison, relatively few studies have dissociated the use of place and response strategies in human virtual navigation with tasks similar to those used in rats. Studies have indicated that the human striatum, in particular the caudate nucleus, is activated by the use of nonspatial navigation strategies, whereas the hippocampus is activated by spatial (i.e., place) strategies (Iaria, Petrides, Dagher, Pike, & Bohbot, 2003) . Other work has shown that in route recognition, hippocampal activity can increase to compensate for basal ganglia dysfunction in the early stages of Huntington's disease (Voermans et al., 2004) . These studies suggest that both the hippocampus and basal ganglia (and in particular the striatum) are involved in human virtual navigation and that these systems make different contributions to behavior. However, in experiments that have examined place and response strategies simultaneously, assessment of which navigation strategies humans use has relied on self-report as opposed to assessing behavior in conditions that dissociate place and response strategies. One exception is the recent report by Levy, Astur, and Frick (2005) in which humans were tested in a modified T maze (similar to the cross-maze used by Packard & McGaugh, 1996) and a virtual water maze task that directly tested the use of spatial (place) and nonspatial (response) strategies. This work showed that humans did use place and response strategies, but response strategies were found to be more common than place strategies and no switch from the use of place to response strategies was found with increased training on the T maze.
Another recent approach to assessing hippocampally and striatally dependent navigation has focused on finding changes in behavior that may indicate the adoption of place and response strategies. For instance, Schmitzer-Torbert and Redish (2002) have shown that rats performing multiple T mazes demonstrate two types of behavioral change within a single training session: fast learning of the correct path through the maze (which direction to turn on each T choice) and slow development of a stable route through the maze. An appealing idea is that fast learning of the correct path to a goal reflects the development of hippocampally dependent place strategies whereas slow refinement of the motor sequence used to navigate the maze reflects the development of striatally dependent response strategies. However, the relationship between these behavioral learning rates and the use of place and response strategies has not yet been explored.
The present study tested humans navigating through virtual multiple T mazes to test the use of place and response learning and to examine the relationship between navigation strategy and measures of behavioral learning rates. Probe trials were used to assess the types of strategies participants used, and learning was assessed using previously described measures: the rate at which humans learn the correct path and develop a stable route through the maze (Schmitzer-Torbert & Redish, 2002) . Experiment 1 used maze training in which participants could find their goals using either place or response strategies. Experiment 2 attempted to replicate work by Tolman et al. (1946) by rewarding participants for using either a place or response strategy and examining how the imposed strategy impacted behavioral performance.
Experiment 1
Experiment 1 was designed to test whether humans switch from the use of place to response strategies in virtual navigation with extended training. In each trial of the experiment, participants were required to find one of two targets. During the experiment, one target (high-frequency target) was presented twice as often as the other (low-frequency target). Probe trials, in which participants were placed at the start of the trial in a location not usually paired with the target they were seeking, were used to classify which navigation strategies participants were using (place or response). The frequency manipulation was included to reduce the duration of the experiment (by reducing the number of trials that participants completed) and to test whether improvements in behavioral performance (finding the correct route through the maze and the development of a stable route) were related to general performance variables (i.e., to the total amount of experience in the game). The two trial types (high-and low-frequency targets) were presented randomly across trials, and the principal questions of interest were how behavior changed on normal trials with experience and whether there was evidence for a shift from place to response strategies with increased training.
Method Participants
A total of 54 undergraduate students (32 women and 22 men, mean age ϭ 19.3 years, SD ϭ 1.3, range ϭ 17-22 years) participated in the study. Nine participants did not complete the experiment and were excluded from analyses. Students were recruited from undergraduate psychology courses at Knox College and were offered extra credit for participation. Participants were additionally motivated by monetary prizes awarded to the participants with the fastest trial time and the fastest average trial time. At the time of testing, participants did not know how previous participants had performed on the task.
Procedure
Participants were trained in a virtual multiple T maze created using commercially available software (Game Maker 6.1, Overmars, 2006) running on a Pentium III desktop computer (1 GHz, 512 MB RAM, Radeon 9250 video card, with a 17-in. [43.18-cm] monitor). Participants navigated through a three-dimensional maze that they experienced from a first person perspective. The layout of the maze was created by walls, a floor, and a ceiling made of colored textures (see Figure 1 ; textures were obtained from http:// www.davegh.com/blade/davegh.htm and used with permission from David Gurrea). Different regions of the maze (i.e., starting locations, target locations, and different arms of the maze) were defined by the use of wall textures of various patterns and colors. Movement through the maze was controlled by an Air Flo EX Controller (NYKO Technologies, Inc., Los Angeles, CA). If the distance from the participants' point of view to the floor is considered to be 1 unit of length, then the dimensions of the maze were 96 units ϫ 83.2 units, with each of the main hallways having a width of 6.4 units and the starting arms of the maze having a width of 3.2 units. The height of the maze (from the floor to ceiling) was 3.2 units. Lighting in the maze fell off with distance, such that all objects within 10 units were clearly visible, objects between 10 and 30 units were increasingly dimly lit, and objects beyond 30 units were not visible.
Training consisted of a set of 96 trials in which participants were placed in the maze at one of the two starting locations and required to find one of two targets (colored spheres) located at one of eight possible target locations (see the overhead schematic of the maze in Figure 2 ). The experiment started with six practice trials (three with each target, in a random order), which participants were informed would be used to learn the layout of the virtual maze and would not impact their average time or best time statistics (which were the basis for awarding prizes). After the practice phase, participants completed 60 trials for one target (designated the high-frequency target) and 30 for the second target (designated the low-frequency target). The order of the trials was pseudorandom, with each block of six trials including two low-frequency targets and four high-frequency targets.
During each trial, participants were informed of the target they were to find, the amount of time elapsed since the start of the trial, the duration of their best trial, and their average trial duration. A trial ended when participants located the appropriate target, and the next trial began when participants pressed the appropriate button on their game controller.
For each participant, the high-and low-frequency targets were randomly assigned a color (green, magenta, or blue), a target location (from the eight possible target locations), and a starting location (from the two possible starting locations; the two targets were given different starting locations). The only constraint on target locations was that the shortest route participants could take from each starting location could not be the same for both the highand low-frequency targets (i.e., the sequence of turns that participants made was different for each target).
To determine what navigation strategies participants used to find their targets, I administered probe trials in which the participant was placed at the alternate starting location for the assigned target (in effect rotating the participant's normal starting location by 180°; see Figure 2 ). On probe trials, the assigned target was either placed in the normal location or in a location defined by a response strategy (i.e., in the location that the participant would have arrived in if they used the same set of turns that were normally used for that target). Probe trials ended when the participant found the target.
Each participant was randomly assigned to receive his or her first probe trial either on the 10th, 25th, or 60th trial for each target (high and low frequency). Depending on when the first probe trial Participants who used a response strategy on the first probe trial. For each participant, the left panel shows normal trials without errors for both the high-frequency target (dark gray points) and the low-frequency target (light gray points), and the right panel shows data from the first probe trial. In the first probe trial, the participant was placed in the starting location normally used for the second target. Path taken on the first probe trial is shown in black, paths taken on nonprobe trials are shown in dark gray for comparison. On the probe trial, the participants in Panels A and B returned to the same location that was normally rewarded on high-frequency trials, whereas the participants in Panels C and D made the same sequence of turns (C: right-left-left-right, D: right-left-right-left) that was normally rewarded on normal trials. was delivered, each participant completed a total of five probe trials (on Trials 10, 25, and 60 for the high-frequency target and on Trials 10 and 25 for the low-frequency target), three probe trials (on Trials 25 and 60 for the high-frequency target and on Trial 25 for the low-frequency target), or only one probe trial (on Trial 60 for the high-frequency target). The first probe trial was always administered for the high-frequency target. Because targets were placed on probe trials in locations determined by the use of place or response strategies, it is possible that performance on probe trials is influenced by feedback from previous probe trials. To eliminate the effect of learning from repetitive exposure to probe trials, I analyzed only the first probe trial from each participant.
Analyses
Accuracy. On each trial, if a participant made an incorrect turn (i.e., making a left when a right would be the shortest path to the target), then an error was scored for that trial. In the maze, there were three turns at which participants made left-right decisions to reach the target and thus three errors were possible on each trial. For analyses of the rate at which participants learned the correct path through the maze, accuracy was calculated as the percentage of correct (i.e., error-free) trials.
Route stability. A second measure of learning was how similar the route taken from the starting location to the target was on each trial of the experiment. Route similarity was quantified for every pair of trials by calculating a route difference score that reflected the distance between the two paths. This was done by first finding the shortest trial for each participant for each target condition. Then, the position data (x and y positions) for each trial were truncated to the same length (the duration of the shortest trial). Then, the distance was calculated between each time aligned data point for every pair of laps in the session. The average route difference between trials i and j was then defined as
where n is the number of position samples used, x i (k) and y i (k) are the x and y position of the participant on trial i for position sample k, and k takes values from 1 to n. The route difference is then equal to the average Euclidean distance between the time-aligned position samples of the participants. This quantity measures the similarity between the sequence of positions sampled on the two trials. Values near zero indicate that the participant used a highly similar route on trials i and j. Similar results were obtained with a second measure of route similarity, which used interpolation rather than truncation to create a set of trials of equal length (data not shown). Route stability was not calculated for probe trials.
Probe trials. For each probe trial, the participant's navigation strategy was inferred from the first target location that the participant investigated. Participants who went to the same location in the maze that was rewarded on normal trials were classified as using a place strategy. Participants who went to the target location that would be correct on the basis of the egocentric set of turns used on normal trials were classified as using a response strategy. Participants who went to the location where the other target was usually placed (the target that was not prompted on the probe trial) were classified as using an alternate-target strategy (and demonstrating perhaps inattention or control of behavior by the context of the starting location rather than by the cue indicating which target to seek out). All other responses were considered not to represent an expected navigation strategy and were classified as "other."
Results
Of the 54 participants, 9 of 32 women (28%) did not complete the experiment, compared with 0 of 22 men. The gender difference in completion was significant, Pearson's 2 (1, N ϭ 54) ϭ 7.4, p ϭ .006. Compared with female completers, female noncompleters did not report significantly lower ratings of their own experience with similar video games (average rating for female completers ϭ 2.3, SD ϭ 1.2, and for noncompleters ϭ 2.0, SD ϭ 1.3), t(26) Ͻ 1. Informal questioning of noncompleters indicated that nausea was the primary reason for early termination of the experiment. Data from noncompleters was not analyzed further. Men reported higher levels of previous experience with similar video games (average rating for men ϭ 3.3, SD ϭ 1.5, and for women ϭ 2.3, SD ϭ 1.2), t(42) ϭ 2.56, p ϭ .014. Color vision deficits (which might impair discrimination between targets and locations in the maze) were not directly assessed, but when participants who performed poorly (a total of 1 female participant with mean accuracy of 11% at the end of training) were excluded results were not qualitatively changed.
Accuracy
Across training, participants showed rapid learning of the correct path to both the high-and low-frequency targets. Accuracies were analyzed by dropping the first three practice trials and averaging accuracies for each target in nine trial blocks (giving six blocks of training for the high-frequency target and three blocks of training for the low-frequency target). A preliminary analysis indicated that the delivery of probe trials did not influence the participants' accuracies on subsequent normal trials, so this factor was not included in the following analyses.
By the final block of training for each target, participants made very few errors (accuracy in Block 6 for the high-frequency target was 97.3%, SD ϭ 12.1%, and accuracy in Block 3 for the lowfrequency target was 82.4%, SD ϭ 29.1%). Improvements in accuracy did not depend on how frequently the targets were presented. Using the first three blocks of training in a repeatedmeasures analysis of variance (ANOVA) with block and frequency as within-subjects factors and gender as a between-subjects factor, there was a main effect of block, F(2, 86) ϭ 35.7, p Ͻ .001, and gender, F(1, 43) ϭ 9.9, p ϭ .003. The main effect of gender was due to men having higher accuracies than women in the first three blocks of training for each target. No other main effect or interaction was significant: frequency, F(1, 43) Ͻ 1, ns; Frequency ϫ Gender, F(1, 43) Ͻ 1, ns; Frequency ϫ Block, F(2, 86) Ͻ 1, ns; Block ϫ Gender, F(2, 86) ϭ 1.7, p ϭ .19; and Frequency ϫ Block ϫ Gender, F(2, 86) ϭ 1.2, p ϭ .29. These results indicate that improvements in accuracy over the first three blocks of training were similar for both the high-and low-frequency targets and did not depend on a general practice effect.
Although women had lower accuracies during the first three blocks of training, with extended training both men and women reached equivalent levels of accuracy (i.e., for the high-frequency target; see Figure 3A ). In a repeated-measures ANOVA with block as a within-subjects factor and gender as a between-subjects factor, there was a significant Block ϫ Gender interaction, F(5, 215) ϭ 4.6, p Ͻ .001, in addition to significant main effects of block, F(5, 215) ϭ 24.7, p Ͻ .001, and gender, F(1, 43) ϭ 6.9, p ϭ .012. Post hoc comparisons (Tukey's honestly significant difference [HSD] ) revealed that men had significantly higher accuracies than did women in Blocks 1 and 2. For women, accuracies in Block 1 were significantly lower than accuracies in Blocks 2-6, whereas accuracies in Block 2 were significantly lower than accuracies in Blocks 3-6. For men, accuracies in Block 1 were significantly lower than accuracies in Blocks 3-6. These results indicate that for both men and women, improvements in accuracy occurred early in training (in the first block of training for men and in the first two blocks of training for women). Although men had higher accuracies than did women in the first two blocks of training, performance of men and women was equivalent by the end of training.
Route Stability
Previous work in rats learning multiple T mazes has shown evidence for the slow development of a stable route, measured by the correlation in the path taken on separate trials (SchmitzerTorbert & Redish, 2002) . To examine human performance for similar changes in route stability, I calculated the difference in the path taken to the target for every pair of trials (in which no errors were made) to create a route difference matrix. The average route difference matrix for the high-frequency target is shown in Figure  3B . Across training for the high-frequency target, there was a decrease in the route difference scores, such that by the end of training participants were consistently using the same route on each trial. To estimate the improvement in route stability across training, I calculated the average route distance for each block of nine trials compared with the final nine trials of the experiment (which represents the final route adopted). A preliminary analysis indicated that the delivery of probe trials did not influence the participants' route stability on subsequent normal trials, so this factor was not included in the following analyses.
Improvement in route stability did not depend on how frequently the targets were presented. Using the first three blocks of training in a repeated-measures ANOVA with block and frequency as within-subjects factors and gender as a between-subjects factor, there was a main effect of block, F(2, 60) ϭ 18.8, p Ͻ .001, and gender, F(1, 30) ϭ 23.3, p Ͻ .001. The main effect of gender was due to men using more similar routes than women. No other main effect or interaction was significant (all ps Ͼ 0.27, except for the Frequency ϫ Gender interaction). The Frequency ϫ Gender interaction approached significance, F(1, 30) ϭ 3.4, p ϭ .074, but no other main effect or interaction was significant: frequency, F(1, 30) Ͻ 1, ns; Frequency ϫ Block, F(2, 60) ϭ 1.3, p ϭ .28; Block ϫ Gender, F(2, 60) Ͻ 1, ns; and Frequency ϫ Block ϫ Gender, F(2, 60) Ͻ 1, ns. The trend toward significance in the Frequency ϫ Gender interaction depended on women having less similar routes for the high-frequency target than for the low-frequency target and men having slightly more similar routes for the high-frequency target than for the low-frequency target. These results indicate that improvements in route stability over the first three blocks of training were similar for both the high-and low-frequency target and did not depend on a general practice effect.
Unlike accuracy, the gender gap in route similarity did not decrease with extended training (i.e., for the high-frequency target). As shown in Figure 3C , both men and women adopted a more similar route during training for the high-frequency target, but men retained an advantage over women throughout training. In a repeated-measures ANOVA with block as a within-subjects factor and gender as a between-subjects factor, there was a significant main effect of block, F(5, 215) ϭ 13.2, p Ͻ .001, and gender, F(1, 35) ϭ 15.5, p Ͻ .001, but the Block ϫ Gender interaction was not significant, F(5, 175) Ͻ 1. Post hoc comparisons (Tukey's HSD) revealed that route difference scores were significantly higher in Block 1 than in Blocks 2-6, that route difference scores were higher in Block 2 than in Blocks 5 and 6, and that route difference scores in Block 3 were higher than in Block 6. These results indicate that the major improvements in route stability occur in the first three blocks of training and at equivalent rates for men and women.
Probe Trials
The types of strategies that participants had adopted to find their targets were assessed by rare probe trials in which participants were presented with inconsistent starting location-target combina- tions. Because experience with probe trials could impact strategy use on subsequent probe trials, only the first probe trial was analyzed for each participant. The primary strategies of interest were place (going to the location the target was normally presented in) and response (making the same sets of turns used during normal trials) strategies. An example of each is shown in Figures  2A and 2B . Participants who chose targets other than those expected on the basis of place and response strategies were classified as using an alternate-target strategy if they went to the location of the incorrect target (i.e., the location that was normally correct for the starting location used). All other choices on the probe trial were considered to not fit any of the proposed strategies that were available to the participant and were classified as "other." Although only the first probe trial for each participant was analyzed (to eliminate learning effects), a preliminary examination of the performance on subsequent probe trials indicated that place and response strategies were more frequently maintained on subsequent probe trials for the same target (19 out of 25, or 73%, of place choices were followed on the next probe trial by another place choice, and 10 out of 15, or 67%, of response choices were followed on the next probe trial by another response choice) than were alternate-target (4 out of 11, or 36%) and "other" choices (2 out of 8, or 25%). Of participants who changed strategy on the following probe trial, three place choices were followed by subsequent response choices (3 out of 25, or 12%) and three response choices were followed by place choices (3 out of 15, or 20%). Participants who used a place or response strategy but did not find the target at the first location that was sampled were somewhat more likely to change strategies on the next probe trial (9 out of 22, or 41%, changed strategy) than were participants who found the target on their first choice (3 out of 19, or 16%, changed strategy), and these differences approached significance, Pearson's 2 (1, N ϭ 41) ϭ 3.1, p ϭ .078. These results support the idea that participants did learn something about probe trials, and probe trial performance after the first probe trial may not have reflected the strategy that was being used on normal trials. As shown in Figure 4A , both place and response strategies were commonly observed on probe trials. Across the 45 participants, 15 (33%) were classified as place learners, 14 (31%) were classified as response learners, 11 (24%) were classified as using an alternate strategy, and 5 (11%) were classified as other (making a choice that did not fit one of the available strategies). A chi-square goodness-of-fit test indicated that the distribution of strategies (place, response, alternate) was significantly different from what would be expected by chance, 2 (3, N ϭ 45) ϭ 52.2, p Ͻ .001. Examination of each strategy separately indicated that more participants fell into each strategy type than would be expected on the basis of chance-place, 2 (1, N ϭ 45) ϭ 17.9, p Ͻ .001; response, 2 (2, N ϭ 45) ϭ 14.3, p Ͻ .001; and alternate, 2 (2, N ϭ 45) ϭ 5.9, p ϭ .015-indicating that each of the proposed strategies (place, response, alternate) were used more often than expected by chance. Also, there was a trend toward a significant difference between men and women in the type of strategy used, 2 (3, N ϭ 45) ϭ 7.4, p ϭ .059, which was due to differences in the numbers of men and women using response and alternate-target strategies. Men and women were equally likely to use place strategies (34.8% of men, 31.8% of women), but women were more likely to go to the location of the incorrect target (alternate-target strategy; 9.1% of men vs. 39.1% of women), whereas men were more likely to use a response strategy (40.9% of men vs. 21.7% of women).
Participants who used a place strategy were more likely than participants using a response strategy to make a correction in their path before making their first target location choice (see probe trial shown in Figure 2B for an example). As shown in Figure 4C Most participants used either a place or response strategy. B: Number of each strategy type observed as a function of when the first probe trial was administered. More place strategies were observed on probe trials administered early in the session, whereas more response strategies were observed on probe trials administered late in the session. C: Distance traveled on the first probe trial to the first target location checked. Shown separately are the distance traveled by place learners (top) and by response learners (bottom). Place learners more frequently traveled long distances on the first probe trial than did response learners.
14 of the response learners took short paths to the first target location checked (see examples in Figures 2C and 2D ), whereas the 15 place learners could be divided into those who took a short path (9 out of 15, or 60%, see example in Figure 2A ) and those who took a long path (6 out of 15, or 30%, see example in Figure  2B ). The distance traveled on the first probe trial differed significantly between place and response learners, t(27) ϭ 3.3, p ϭ .003.
To examine whether the use of a place or response strategy changed with increased experience, I examined the distribution of each strategy type for early, middle, and late probe groups (see Figure 4B ). More place strategies were seen in the early probe group and more response strategies were obtained in the middle and late probe group, though these differences were not significant, Pearson's 2 (2) ϭ 1.8, p ϭ .40. In an exploratory analysis, each participant's strategy was coded as 1 for the use of a place strategy and 0 for all other strategies, and the middle and late probe groups were collapsed. Comparing the early probe group with the later occurring probes, there was a significant reduction in the use of place strategies with increased experience on the task, t(43) ϭ -2.1, p ϭ .045. These results offer support for a decrease in place strategy use with increased experience on the task.
Relationship Between Behavioral Measures
Exploratory analyses were used to examine the relationship between the use of place and response strategies on probe trials and measures of behavioral learning rates. Looking at the first probe trial (independently of when that probe trial occurred), accuracies were slightly lower for participants who used place strategies (M ϭ 91.39, SD ϭ 7.49) than for participants who used response strategies (M ϭ 95.27, SD ϭ 4.25), but the difference was not significant, t(27) ϭ -1.70, p ϭ .100. Route distances were higher for participants using place strategies (M ϭ 24.04, SD ϭ 1.60) than for those using response strategies (M ϭ 16.70, SD ϭ 1.43), and the difference was significant, t(27) ϭ 2.35, p ϭ .026. These results indicate that the use of a place strategy was more likely in participants who tended to make more errors and to show less overall development of a stable route compared with participants using response strategies.
Discussion
The results of Experiment 1 supported the main hypotheses. Humans learning to navigate a virtual maze showed significant improvements in two measures of learning: choice accuracy and route stability. Improvements in accuracy were faster than route stability, supporting recent work with rats learning to navigate through multiple T mazes (Schmitzer-Torbert & Redish, 2002) . Also, improvements in accuracy showed an interaction with gender, whereas improvements in route stability did not. Together, these results suggest that accuracy and route stability are separate behavioral learning rates. Also, neither accuracy nor route stability was affected by the frequency at which targets were presented. This indicates that neither measure is an index of general learning, as might be proposed for route stability in particular (i.e., that participants may be simply learning to use the game controller more efficiently). Rather, improvements in these measures depended on experience with the particular targets that were being trained.
On probe trials, humans were presented with a conflict between their starting location and the assigned target. The pattern of choices made on these probe trials indicated that place and response strategies occurred in roughly equal proportions. The distance traveled to the participants' first target choice indicated that response learners always went directly to the location determined by the response strategy, whereas many place learners made a correction during their path to the location determined by the place strategy. These features are consistent with the interpretation that response choices represent the use of an automatic, inflexible navigation strategy, whereas place choices represent the use of an effortful, flexible navigation strategy.
Also, there was a decrease in the number of participants using place strategies after extensive training on the maze, consistent with work in rats demonstrating a shift from the use of place to response strategies with extensive training (Packard & McGaugh, 1996) . This finding contrasts with the recent work of Levy et al. (2005) , who did not find a similar switch in strategy use on a virtual cross-maze and saw a strong preference for response strategies with less than 10 trials of training. The difference between the present work and that of Levy et al. may be due to the use of multiple T mazes versus a cross-maze. The more complex maze used in the present experiment likely required more experience before an adequate response strategy could be developed, which could have prolonged a transition from place to response strategy use.
Finally, compared with response learners, place learners had less similar routes and demonstrated a trend toward making more errors. This finding supports the hypothesized relationship between the use of place strategies and learning to find one's way through an environment and between the use of response strategies and the development of a stable route after extensive experience in navigation.
Experiment 2
Experiment 2 was designed to measure the rate at which place and response strategies were acquired when humans were reinforced for correct strategy use. Following the work of Tolman et al. (1946) , it was predicted that place strategies would be learned more quickly than response strategies. Also, the results of Experiment 1 suggested a relationship between place and response learning to improvements in accuracy and route stability. Experiment 2 built on this result by examining the effect of imposing either a place or response strategy on each behavioral measure.
In each trial of the experiment, participants were required to find one of two targets, designated the training and transfer target. For the training target, participants were placed at the beginning of the trial in one of three locations and the target was placed in either the same location on each trial (place training) or at a location that could be reached using the same set of turns on each trial (response training). For the transfer target, the participant was always placed at the same starting location and the target was placed in the same location. The two trial types were presented randomly, and the principal question was how the type of strategy imposed for the training target impacted accuracy, route stability, and performance on probe trials.
Method Participants
A total of 84 undergraduate students (52 women and 32 men, mean age ϭ 19.6 years, SD ϭ 4.0, range ϭ 17-53 years) participated in the study. Sixteen participants did not complete the experiment and were excluded from the main analyses. Students were recruited from undergraduate psychology and biology courses at Knox College and were offered extra credit for participation. Participants were additionally motivated by monetary prizes awarded to the participants with the best scores (fastest trial time, fastest average trial time) in the experiment.
Procedure
Participants navigated through a virtual maze that had four starting locations and 12 target locations (see schematic in Figures  5A and 5B). The four starting locations opened into the same hallway (see Figure 5 ) but could be discriminated at the beginning of the trial on the basis of the color of the wall that participants saw from the starting location. Each wall opposite a starting location had the same texture but a different color (blue, purple, green, or red). Movement through the virtual maze was controlled by a joystick (Extreme 3D Pro, Logitech, Fremont, CA). If the distance from the participants' point of view to the floor is considered to be 1 unit of length, then the dimensions of the maze were 48 units ϫ 102.4 units, with each of the main hallways having a width of 6.4 units and the starting arms of the maze having a width of 3.2 units. The height of the maze (from the floor to ceiling) was 3.2 units.
The maze was brightly lit, and participants could clearly see any object in their line of sight.
On each trial, participants were placed in one of the starting locations and asked to find one of two targets. Participants were randomly assigned to either a place-or response-training group, which determined the location of their targets. Participants were not informed to expect that any specific strategy would determine the target location or which strategy would be imposed.
In the place-trained group, the location of each target was the same for any starting location (see example in Figure 5A ). For the response-trained group, the location of the target varied across trials but the target could be found by a fixed sequence of actions (i.e., a set of turns; see example in Figure 5B ). In each group, one target was designated the training target, and in each trial, one of three starting locations was selected. To accurately find the training target across trials, participants were required to learn the strategy (place or response) that determined the target location. The second target was designated the transfer target, and in each trial, the participant was placed in the fourth starting location (whichever location was not used for the training target).
Training consisted of a set of 126 trials in which participants were placed in the maze at one of the four starting locations and required to find either the training or transfer target. The experiment started with six practice trials (three for each target, in a random order), which participants were informed would be used to learn the layout of the virtual maze and would not impact their average time or best time statistics (which were the basis for awarding prizes). After the practice phase, participants completed 60 trials for each type of target. The order of the trials was pseudorandom, with each block of six trials including three training target trials and three transfer target trials.
Probe trials were given every 10th trial for both the training and transfer targets, in which the participant was placed in a starting location not used in normal trials for that target. On probe trials, the location of the target was determined by the imposed strategy (place or response). For the transfer target, the critical question was whether the strategy that was presented for the training target transferred when the participant was placed in a new location. Probe trials were not analyzed for the transfer targets, as the strategy imposed for the training target (place or response) prohibited the assessment of the use of the alternate strategy on probe trials (i.e., after response training for the training target with multiple starting locations, no choice on the probe trial could be identified as a place choice).
Results
Of the 84 participants, 14 of 52 women (27%) did not complete the experiment, compared with 2 of 32 men (6%). The gender difference in completion was significant, Pearson's 2 (1) ϭ 5.5, p ϭ .019. Compared with female completers, female noncompleters reported the same levels of computer experience (all women answered "3" to this question) and similar levels of prior video game experience (average rating for noncompleters ϭ 1.0, SD ϭ 0.91, and for completers ϭ 1.1, SD ϭ 0.80), t(43) Ͻ 1. Compared with female completers, noncompleters reported more difficulty with the experimental game (average rating for noncompleters ϭ 5.2, SD ϭ 2.2, and for completers ϭ 3.0, SD ϭ 1.8), t(49) ϭ 3.91, p Ͻ .001; reported slightly more difficulty using the joystick (average rating for noncompleters ϭ 4.7, SD ϭ 1.8, and for completers ϭ 3.6, SD ϭ 1.9), t(45) ϭ 1.91, p ϭ .062; and were slightly older (average age for noncompleters ϭ 21.6 years, SD ϭ 9.1, and for completers ϭ 18.9 years, SD ϭ 1.15), t(50) ϭ 1.85, p ϭ .070. Data from noncompleters was not analyzed further.
Of the 68 participants who completed the experiment, men and women reported similar levels of difficulty playing the experimental game (average rating for men ϭ 3.0, SD ϭ 1.8, and for women ϭ 2.5, SD ϭ 1.3), t(63) ϭ 1.1, p ϭ .28. Compared with female completers, male completers reported less prior experience with computers (average rating for men ϭ 2.8, SD ϭ 0.4, and for women ϭ 3.0, SD ϭ 0.0), t(44) ϭ 2.37, p ϭ .022; reported more prior experience with video games (average rating for men ϭ 1.9, SD ϭ 0.9, and for women ϭ 1.1, SD ϭ 0.8), t(58) ϭ 3.85, p Ͻ .001; reported less difficulty with the joystick (average rating for men ϭ 2.7, SD ϭ 1.3, and for women ϭ 3.6, SD ϭ 1.9), t(58) ϭ 2.12, p ϭ .038; and were slightly older (average age for men ϭ 19.7, SD ϭ 1.9, and for women ϭ 18.9, SD ϭ 1.2), t(66) ϭ 2.25, p ϭ .028. Color vision deficits (which might impair discrimination between targets and locations in the maze) were not directly assessed, but when participants who performed poorly (4 women and 3 men, 5 of whom where response trained, 2 of whom were place trained, and all of whom had accuracies in the last 10 trials for the training target of 10% or less) at the end of the experiment were excluded, the results were not qualitatively changed.
Accuracy
Across the experiment, there were significant improvements in accuracy in each condition (see Figures 6A and 6B ). Improvements in accuracy were tested in a repeated-measures ANOVA with block and target as within-subjects factors and strategy and gender as between-subjects factors. There was a significant interaction of Target Examination of the significant interactions revealed that accuracies were, on average, higher for the transfer target (for which one starting location was used) than for the training target (for which multiple starting locations were used). Strategy type did not influence overall accuracies for the training target, but accuracies were higher in the place-trained group than in the response-trained group for the transfer target. This result indicates that the type of strategy imposed for the training target affected performance for the transfer target, even though no particular strategy was required to find the transfer target. Across the five blocks of training, women had higher accuracies than did men, though by the fifth block of training men had reached accuracies comparable with women. This is a reversal of the findings from Experiment 1, in which men demonstrated an advantage over women early in training.
Throughout training, accuracy for the transfer target was higher than was accuracy for the training target, and compared with the first block of training, greater improvements in accuracy were obtained for the transfer target than for the training target. Accuracies were higher in the place-than in the response-trained group early in training, but by the final block of training no significant differences were observed between the place-and response-trained groups. Although significant improvements were seen in accuracies, by the end of training accuracies were still low compared with those obtained in Experiment 1 (Block 5 accuracy for the placetrained group: training ϭ 41.2%, SD ϭ 24.2, and transfer ϭ 80.3%, SD ϭ 28.4; Block 5 accuracy for the response-trained group: training ϭ 46.2%, SD ϭ 38.1, and transfer ϭ 61.8%, SD ϭ 41.2). This difference likely reflects an increased demand placed on participants through the use of multiple starting locations for the training target and the use of closed mazes in which each starting location is associated with a unique view of the maze.
To more closely examine the low accuracies observed for the training target in the final block of training, I examined accuracy separately for each of the three turns on the maze. Although average accuracies for the transfer target were comparable between place-and response-trained groups, accuracies differed between groups by turn. Participants in the place-training group performed poorly on the first turn (made after leaving the starting location), whereas participants in the response-training group performed poorly on the second and third turns (see Table 1 ). These differences were analyzed with a repeated-measures ANOVA with turn (1-3) and target as within-subjects factors and strategy as a between-subjects factor. A preliminary analysis found no significant gender effects, so this factor was dropped from the analysis. There was a significant three-way interaction of Turn ϫ Target ϫ Post hoc tests (Tukey's HSD) revealed that for the training target, accuracy in the final block of training for the place-trained group was significantly higher on Turn 1 and lower on Turns 2 and 3 than it was for the response-trained group. For the transfer target, the place-trained group had significantly higher accuracies than did the response-trained group on Turn 2, but no other differences were significant. Overall, these results demonstrate that when participants started from multiple locations across trials (the training target), response training led to better performance on Turn 1 whereas place training led to better performance on Turns 2 and 3 of the maze. These differences likely reflect the demands of each strategy: that is, learning a consistent pattern of actions (response training) and learning multiple paths to a location in the maze (place training).
Route Stability
Across the experiment, there were significant improvements in accuracy in each condition (see Figures 6C and 6D ). Improvements in route stability in each condition were tested in a repeatedmeasures ANOVA with block and target as within-subjects factors and strategy and gender as between-subjects factors. The four-way interaction of Block ϫ Gender ϫ Strategy ϫ Target approached significance, F(4, 116) ϭ 2.1, p ϭ .081, and there was a significant three-way interaction of Block ϫ Gender ϫ Strategy, F(4, 116) ϭ 3.3, p ϭ .014; as well as significant two-way interactions of Block ϫ Strategy, F(4, 116) ϭ 4.3, p ϭ .003; and Block ϫ Target, F(4, 116) ϭ 5.5, p Ͻ .001. There was also a trend toward significance for the Block ϫ Gender interaction, F(4, 116) ϭ 2.4, p ϭ .051. In addition, there were significant main effects of block, F(4, 116) ϭ 37.2, p Ͻ .001; gender, F(1, 29) ϭ 20.0, p Ͻ .001; and target, F(1, 29) ϭ 4.4, p ϭ .045, and the main effect of strategy approached significance, F(1, 29) ϭ 3.3, p ϭ .080. No other effect was significant: Target ϫ Block ϫ Strategy, F(4, 116) ϭ 2.0, p ϭ .11; Target ϫ Block ϫ Gender, F(4, 116) ϭ 1.3, p ϭ .26; Target ϫ Strategy ϫ Gender, F(1, 29) Ͻ 1, ns; Target ϫ Gender, F(1, 29) Ͻ 1, ns; Target ϫ Strategy, F(1, 29) ϭ 2.3, p ϭ .14; and Strategy ϫ Gender, F(1, 29) ϭ 1.6, p ϭ .21.
Examination of the significant interactions revealed that route differences were similar for the training and transfer targets early in training but that by the end of training the participants had adopted more similar routes for the transfer target than for the training target. Men in both the place-and response-trained groups had similar rates of development of route stability, whereas women in the response-trained group adopted more similar routes than did women in the place-trained group. In both the place-and responsetrained groups, men used more similar routes than did women, consistent with the results of Experiment 1. The marginally significant four-way interaction of strategy type, target type, gender, and block of training was in part due to poor development of route stability in women of the place group for the training target.
Together, these results suggest that, as in Experiment 1, men demonstrated an advantage compared with women in the devel- opment of a stable route. The development of a stable route in men was not modulated by the type of strategy that was imposed (place or response) or by the number of starting locations. However, the development of a stable route in women was impaired when each starting location in the maze had to be associated with a unique sequence of movements to the target (i.e., the training target for the place-trained group).
Probe Trials
For the transfer targets, participants completed a total of six probe trials (one probe trial every 10th trial) in which they were placed in a different starting location than was normally used for the transfer target. As in Experiment 1, the first target location chosen by the participant was used as an indication of the strategy that participants used to find the transfer target on normal trials. For both the place-and response-trained group, the distribution of strategies (place, response, alternate, and other) differed significantly from chance (chi-square goodness-of-fit tests: place, 2 (3, N ϭ 168) ϭ 790.0, p Ͻ .001, and response, 2 (3, N ϭ 112) ϭ 209.6, p Ͻ .001). As shown in Figure 7 , across all probe trials for participants in the place-trained group there was a strong preference for place strategies (112 out of 168, or 67%) over response strategies (5 out of 168, or 3%), whereas for participants in the response-trained group response strategies (60 out of 174, or 34%) were more common than place strategies (18 out of 174, or 10%).
As shown in Figure 7 , women demonstrated faster transfer of the imposed strategy than did men, and for both genders the place-trained group acquired the appropriate strategy before the response-trained group. Across the six probe trials, the strategy that was explicitly trained (using the training target) transferred more slowly to the transfer target for the response-trained group than for the place-trained group. In a repeated-measures ANOVA with probe (1-6) as a within-subjects factor and strategy and gender as between-subjects factors, there was a significant main effect of probe, F(5, 320) ϭ 7.3, p Ͻ .001, and gender, F(1, 64) ϭ 8.13, p ϭ .006, and the three-way interaction of Probe ϫ Strategy ϫ Gender approached significance, F(5, 320) ϭ 2.20, p ϭ .054. Neither two-way interaction was significant, F(5, 320) Ͻ 1.9, p Ͼ .1. Exploratory post hoc comparisons (Tukey's HSD) revealed that although accuracies in the response-trained group were significantly lower for Probes 1 and 2 than for Probes 5 and 6, there was no change in accuracies across the six probe trials for the place-trained group.
Together, these results indicate that the type of strategy imposed on the training target influenced the behavior of participants on probe trials for the transfer target and that the rate at which the imposed strategy transferred to the transfer target was faster in the place-trained group than in the response-trained group and was faster for women than for men.
Relationship Between Behavioral Measures
The last set of analyses examined the relationship between errors, route similarity, and performance on probe trials. In the place-trained group, average accuracy (i.e., use of the correct strategy) on probe trials was significantly correlated with mean route distance and accuracies for both the training and transfer targets (see Table 2 ). When the effects of gender on probe trial accuracy were partialed out, only the significant correlation with route distance for the transfer target became nonsignificant. It is important to note that better accuracies in the place-trained group were associated with higher route differences.
In the response-trained group, average accuracy on probe trials was significantly correlated with mean accuracies for both the training and transfer targets (see Table 2 ). When the effects of gender on probe trial accuracy were partialed out, correlations of probe trial accuracy with mean route distance for the training (r ϭ -0.41, p ϭ .032) and transfer (r ϭ -0.44, p ϭ .018) targets were obtained. Also, the significant correlation with mean accuracies for the transfer target became nonsignificant.
These results indicate that for both the place-trained and response-trained groups, high accuracies were in general associated with better transfer of the imposed strategy from the training to the transfer target. The development of highly similar paths was correlated with probe trial accuracy but only in the responsetrained group.
Discussion
The results of Experiment 2 show that the type of navigation strategy imposed had an effect on each behavioral measure, though accuracy was more sensitive to the imposed strategy than was route similarity. In general, place learning proceeded more rapidly than response learning (as measured by accuracy and by performance on probe trials), whereas the development of a stable route was similar for each type of training. These results support previ- showed slower transfer of the appropriate (response) strategy to the transfer target than did the place-trained group, but women acquired the response strategy faster than did men.
ous work indicating that in rats place learning proceeds more quickly than does response learning in a simple cross-maze (Tolman et al., 1946) . These data also replicated the male advantage for route similarity but showed a female advantage for accuracy and for transfer of the navigation strategy imposed for the training target to the transfer target.
Although the rate at which participants learned to find the training target (and thus use the appropriate strategy) proceeded at similar rates in the place-and response-trained groups, accuracies at the end of training remained low overall compared with Experiment 1. Although both groups showed poor performance for training targets, each group had a distinct pattern of deficits: The response group had very high accuracies on the first turn of the journey, whereas the place group had very high accuracies for the second and final turns of the journey. These differences likely reflect the unique demands of each strategy: learning multiple paths to a consistent location (place learning) versus learning a fixed sequence of actions independent of one's starting location (response learning). These results suggest that when starting from multiple locations in a closed maze, participants attempted to adopt a consistent response when leaving the starting location, which impaired performance in the place-trained group. In contrast, for the later turns on the maze, participants were less likely to use egocentric cues independent of the participant's location in the maze (i.e., turning in the same direction no matter which goal arm the participant was approaching or in), which impaired performance in the response-trained group. Because the four starting locations shared the same background texture but were differentiated on the basis of color (see the Method section), it is possible that participants had difficulties discriminating the distinct starting locations and that making the starting locations less similar would have favored place-trained participants over response-trained participants on the first turn. Conversely, it is possible that making the textures and colors of the walls of the goal arms of the maze more similar may have favored the response-trained participants over the place-trained participants on the second and third turns.
General Discussion
The present experiments demonstrate that humans adopt both place and response strategies in virtual navigation, that place strategies are acquired more quickly than are response strategies, and that measures of behavioral performance are related to the type of strategy that participants used in navigation. These findings are consistent with the rat navigation literature showing that rats switch from the use of place to response strategies with increased training (Packard & McGaugh, 1996) and that place strategies are acquired more quickly than are response strategies when animals are explicitly trained to use one strategy (Tolman et al., 1946) . Also, these experiments support work in rats that demonstrates a fast learning of the correct path through the maze and a slower development of a stable route through the maze (SchmitzerTorbert & Redish, 2002) . Last, these results support previous work in humans indicating a male advantage in virtual navigation (Astur, Ortiz, & Sutherland, 1998; Moffat, Hampson, & Hatzipantelis, 1998) but also indicate a female advantage in some conditions when a specific strategy is imposed. Together, the present data indicate that place and response learning in humans and rats share important similarities and that techniques developed to assess strategy use in the rat can be meaningfully applied to human virtual navigation. However, it is likely that the cognitive processes involved in navigation differ between these species and, to some degree, between virtual and natural navigation in humans. Future work is required to understand these differences more fully. Experiment 1 replicated the male advantage over women in navigating virtual mazes that has previously been demonstrated for virtual mazes (Moffat et al., 1998) and virtual water mazes (Astur et al., 1998) . Experiment 1 also demonstrated that with additional training, women's accuracies were identical to men's accuracies. In Experiment 2, this pattern was reversed, with women demonstrating an advantage over men early in training. These data indicate that the male advantage for accuracy was limited to when a specific navigation strategy was not imposed and that with extensive training gender differences in accuracy were eliminated.
Work by Saucier and colleagues (Saucier et al., 2002 ) using real-world navigation and pen-and-paper navigation tasks has shown that although men and women can both use landmark-based instructions in navigation (comparable with response strategies), women made more errors relative to men in the use of Euclideanbased instructions in navigation (comparable with place strategies). We might have expected to find in Experiment 2 that men would show an advantage over women in the place-trained group and that men and women would perform equivalently in the response-trained group. Instead, women showed an advantage in both conditions. The differences between the present study and the results of Saucier and colleagues may be related to the use of closed mazes in the present experiment, in which the principal information about location within the maze is local: Only a small subset of the distal points of the maze are available at any one location. This feature of the experiment may have impaired men who attempted to use Euclidean information to locate goals in the maze. Alternatively, the use of virtual navigation, which lacks some of the sensory features of real-world navigation, may be responsible for the pattern of gender effects found in the present study. Finally, in the present study, place and response training were accomplished by the relationship between the participants' starting locations and target placements, and participants were not explicitly told what path to take to reach each target. To more fully understand the generality of gender differences in navigation strategy use, future experiments using virtual multiple T mazes in which distal cues are available, using virtual mazes in which participants are instructed to follow specific paths using Euclidean-or landmark-based instructions, or using navigation through mazes under more naturalistic conditions will provide valuable data.
The development of accurate (i.e., error-free) performance and the development of a stable route in rat navigation have been proposed to reflect two different learning rates (Schmitzer-Torbert & Redish, 2002) . Experiment 1 supported a similar distinction in humans learning to navigate virtual mazes. Although there was a significant improvement in accuracy over training and a significant decrease in route distance (i.e., the development of a stable route), accuracies improved faster than did the development of a stable route. Of importance, each behavioral measure had a unique gender difference: There was a strong interaction between gender and accuracies, but there was no interaction between gender and route similarity. Also, improvements in accuracy and route stability were not accounted for by a general practice effect (as might be proposed especially for route stability), as performance in the middle of the experiment (i.e., for the third block of training for the high-frequency target) was equivalent to performance at the end of the experiment (i.e., for the third block of training for the lowfrequency target). This indicates that the development of a stable route was due to learning of a specific route and not to improved use of the game controller.
Experiment 2 also supported the distinction between accuracy and route similarity as separate behavioral measures. Improvements in accuracy were highly dependent on the imposed strategy, the number of starting locations, and gender, whereas route similarity was most dependent on gender. Together, these experiments support a distinction between accuracy and the development of a stable route as separate behavioral processes.
The present experiments also demonstrated the use of place and response strategies in human virtual navigation. Analysis of probe trials in Experiment 1 revealed that the majority of participants (approximately 2 out of 3) used either a place strategy or a response strategy when placed in an unusual location at the start of a trial. Strategy use was evenly divided between place and response strategies, and, similar to work in rats (e.g., Packard & McGaugh, 1996) , there was evidence for a shift from place strategies to response strategies with increased experience on the maze. In this experiment, men and women did not show strong differences in their use of strategy type.
In Experiment 2, probe trials demonstrated that both place and response strategies imposed on participants transferred to other targets, but place strategies transferred quickly (within 10 trials) whereas response strategies transferred more slowly (over the first 30 trials). Also, for both strategies, transfer occurred faster for women than for men. Together, the results of Experiment 1 and 2 demonstrate the use of place and response strategies in human virtual navigation and that place strategies appear to be acquired more quickly than response strategies, findings that are supported by the rat literature (Packard & McGaugh, 1996; Tolman et al., 1946) .
Finally, these experiments also allowed for a direct comparison between strategy use on probe trials and behavioral learning rates. In Experiment 1, the use of a place strategy on probe trials was associated with lower accuracies and lower route stability than the use of response strategies. In Experiment 2, accuracy on normal trials was strongly correlated with probe trial accuracy, independent of the type of strategy imposed. However, although route stability was negatively correlated with probe trial accuracy when a place strategy was imposed, the correlation was positive when a response strategy was imposed. Together, these results support a relationship between accuracy and the use of place strategies and between the development of a stable route and response strategies.
Navigation is a critical ability for many animal species, and a better understanding of human navigation will allow for more parallels to be drawn between nonhuman and human research. A richer understanding of how place and response learning progresses in humans will allow for a better understanding of the navigational impairments observed in old age and disease and will allow for a more complete investigation of the neural systems involved in memory as well as navigation.
